,AO-A046  015 


UNCLASSIFIED 


NAVY  EXPERIMENTAL  DIVING  UNIT  PANAMA  CITY  FLA  F/©  6/17 

manned  evaluation  of  the  prototype  MK  12  SSDSt  HELIUM-OXYGEN  MO— ETC (U) 
SEP  77  R K O'BRYAN 


NEDU-10-77 


NL 


mVT  EXPIRXIIBNTAL  DIVING  UNIT 


MMINBD  tVlUUOATION  OP  THE  PROTOTYPE 
NK  12  88D8,  BSLIUN-OXYGEN  NODE. 


waiiniia 


rALOATZON  or  TB^ROTOtYP: 
II , ipBLIim-^gnfGBW^ODE  . 


HCuntTv  CkAMirieATioN  •r  Tint  n*«i 


HgPOtT  OOCUmilTATIOM  ^AGiliMaMK 


>•  eeMTiie«.uNa  ernec  nmm  and  aoomw 


UNCLASSIFED 


ft.  MtTNIKiTIOWtTATtMmTfMtha^MraMnMwMfAi 


■valuation 
Nannad 
MK  12  8808 
■aliuB-Osnrgan  Nod# 


lAOT 


|TUC  CM  MNWaj 


HAVY  mmakamos  dzvhig  tozt 

PANAMA  CITY,  FLORIDA  32407 


ABSTRACT 


^Thtt  Brototyp*  NX  13  88DB,  H«liun-*0xy9«n  sytt«m 
was  evaluated  to  test  the  ability  of  the  system  to 
support  a diver  performing  sustained  heavy  work,  and  to 
establish  the  life  esq?eotancy  of  the  carbon  dioxide 
absorbent  bed.  During  graded  exercise  the  divers'  heart 
rate  and  helmet  CO2  levels  were  measured.  During 
cannister  studies,  the  cannister  effluent  was  continuously 
monitored  for  CO2.  Analysis  of  the  data  revealed  that 
the  system  can  support  a diver  performing  heavy  work 
0.0  L/Min  O2  ocmsumption) . However,  the  carbon  dioxide 
absorbent  bed  was  shown  to  have  a life  expectancy  incom- 
patible with  operational  dives  at  normal  working  depths.  ^ 


ZUTKOPCICTZOII 


in  X976,  the  O.S.  Navy  Mark  12  Surface  support^  Diving  | 

System  (SSDS)  suceessfuliy  coeipleted  both  technical  and  operational  j 
evaluations  in  the  open  circuit  air  mode.  The  system  consists  j 

of  thermal  undergarments#  dry  suit#  outer  garment#  neck  ring#  | 

coeifort  plate#  weights#  rubber  boots#  helmet#  and  umbilical  | 

j 

(gas  si^ly#  aafe^  lines,  and  cossMinioations) . Ongoing  j 

engineering  on  the  Mark  12  has  resulted  in  the  development 
Of  a recirculator  assembly  for  use  in  semi-closed  mode  with 
mixed  gas.  This  assembly  consists  of  a manifold#  an  ejector, 
an  emergency  gas  bottle#  associatfd  valves  and  hoses#  and  a | 

COj  absorbent  bed  contained  in  a 5.7  liter  oannister  (Figure  1).  j 

During  normal  operations#  surface  supplied  gas  is  delivered 
to  the  manifold  of  the  MK  12  88D8  recirculator  assembly. 

Bere  the  gas  is  directed  to  toe  ejector  which  is  positionsd  in 
a way  that  a venturi  action  secondary  to  gas  flow  through 
a .028”  diamet^  orifice  entrains  gas  from  the  CO^  absorbent 
bed#  drawing  additional  helmet  gas  into  the  cannister#  and  sends  j 

scrubbed  and  supply  gas  back  into  the  helmet.  In  this  manner#  j 

a small  ejector  flow  is  designed  to  produce  a system  flow  | 

sufficient  for  adequate  helmet  ventilation  and  carbon  dioxide  j 

absorption. 


To  oonflm  tho  fuiiotioiiiiX  e«pii>ility  o£  tbm  Prototypo 
MX  12  S8D8  ot  ito  oporotionaX  dopthr  o 380  P8lf  ooturmtion 
divo  was  achadoXad  at  IIXDO.  WhiXa  thla  aystoM  io  noitbar 
doatgnod  nor  Intandod  for  uaa  in  a aatoration  aystan#  thia 
■athod  aaa  aaXaotad  to  aXXoa  eoAtroXXad  axparifloata  o£  Xongar 
duration  would  hava  baan  poaaibXa  had  aurfaoa  aupportad 
diva  profiXaa  baan  utlXisad. 


SavaraX  faotora  a£faot  tha  ability  of  a divar  to  parfora 
auatainad  work  whiXa  diving  tha  aiscod  gaa  NX  12  S8D8.  Tha  aoat 
ia^ortant  of  thaaa  ia  tha  XavaX  of  carbon  dioxlda  (Pc02^  inaida 
tha  haXaat.  Thia  vaXua  ia  dapandant  upon  haXaat  vantilation 
rata,  affieiancy  of  tha  oarbon  dioxlda  abaorbant  bad,  and  tha 
divar'a  rata  of  oarbon  dioxida  production.  Tha  purpoaa  of  tha 
atudy  io  twofold} 


(X)  to  taat  tha  ability  of  tha  ayitax  to  auppert  a divar 
parfoming  auatainad  haavy  wmrk,  and 

(2)  to  aatabXiah  tha  Ufa  axpaotanoy  of  tha  oarbon  dioxida 

abaorbant  bad. 


NSTBODS 


The  •ixt««n  dey  elmilated  dive  wee  conducted  in  the 
Ocean  Simulation  faoility  o£  the  Navy  Ex|«w:tmental  Diving  Unit. 
Six  experienced,  healthy  male  divers  served  as  subjects. 

Physical  characteristics  o£  the  men  are  depicted  in  Table  1. 

All  subjects  performed  calisthenics  and  a run  of  up  to  7 Kto 
five  days  per  week  for  eight  weeks  prior  to  the  dive.  In 
addition,  each  man  performed  ten  to  twelve  underwater  work 
cycles,  similar  to  the  experimental  protocol,  during  the 
pre-dive  period. 

Each  diver  wore  the  Prototype  MK  12  SSD8 . Breathing  gas 

was  delivered  to  the  manifold  via  600  feet  of  MK  12  umbilical 

hose  at  overbottom  pressures  calculated  to  produce  a system  flow 

of  "6  ACfll,  previously  report^  by  Thalmann  (1974)  to  prevent 

helmet  P„A  fvom  exceeding  the  established  Navy  limit  of  2% 
wU2 

surface  equivalent  value  (SNV)  with  a diver  performing  heavy 
work  loads  (VO2**  3.0  liters/iainute) . The  overbottom  pressures 
used  were  26  psig  at  20  F8W,  45  pslg  at  200  PSN,  55  psig  at 
380  PSW,  and  60  psig  at  450  FSN.  The  actual  system  flows  were 

not  measured. 

During  baseline  measurements  at  20  FSW  the  breathing  gas 
was  80%  helium  - 20%  oxygen  mmHg) , idiile  at 

200  FSN  it  was  92%  helium  - 8%  oxygen  (Pj^^  of  429  nmHg) , 
and  at  380  and  450  FSN  it  was  95%  helium  - 5%  oxygen  (Pj^^ 
of  476  and  556  mmHg  respectively) . The  gas  mixtures  at  depth 
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to  roplooo  stanterd  oblpbeard  mixod  (84% 
holiwi  - 18%  oaqfgoa)  to  obvlato  oxygmn  buildi;q^  in  tho  ohaabor 
ooaplax  wbloh  noold  bavo  plaeod  tha  dlvars  at  Inoroaaad  riak 
of  aafforlng  oacygon  toxiolty. 


Tha  axpariaantal  protocol  was  divided  lAto  two  phaaaa. 
The  first  phase  consisted  of  graded  exercise  to  evaluate  the 
ability  of  the  dive  qrsten  to  support  a working  diver.  The 
Initial  portion  of  each  graded  exercise  sequence  was  a ten 
■inute  rest  period.  This  was  followed  by  six-minute  work 
periods,  separated  by  four  minutes  of  rest,  at  25,  50,  75, 

100,  125,  and  150  watts  on  an  especially  modified  pedal 
ergosMter  (James  1976)  mounted  on  a frame  approximately 
fifteen  feet  underwater.  This  sequence  was  carried  out  at 
1.6  ATM  (20  rsn),  12.52  ASK  (380  F8N) , and  14.64  ASH  (450  F8N) 
Since  the  resistive  fluid  medium  alone  has  been  estimated  to 


increase  the  work  of  cycling  by  33  - 42%  (Costill) , it  is 
possible  that  the  actual  work  performed  to  overcome  the 
combined  resistance  of  the  ergosmter,  water,  and.  thermal  suit 
nay  have  increased  the  net  work  output  to  perhaps  twice  the 
indicated  load. 


All  measurements  were  made  during  the  final  aUjnute  of  each 
exercise  period.  Conventional  BOG  leads  were  fastened  to  fixed 
locations  for  measurmsnt  of  heart  rates.  Gas  samples  were  vented 
from  the  reoiroulator  inlet  and  outlet  through  a 1/8” 'O.D. 
tube  at  an  appropriate  flow  rate  to  a mass  spectrometer  located 


outside  the  chamber.  Throughout  portions  of  the  experimental 
sequence  continuous  recordings  were  obtained  of  heart  rate, 
and  the  oxygen  and  carbon  dioxide  fractions  of  the  gas 
passing  into  and  out  of  the  recirculator.  Water  teoq>erature 

was  maintained  at  15.6*C. 

The  second  phase  of  the  experimental  protocol  was  designed 
to  evaluate  the  life  expectancy  of  the  carbon  dioxide  absorbent 
bed.  It  consisted  of  exercise  periods  identical  to  those  used 
in  phase  one.  However,  the  work  load  used  %»as  maintained  at 
75  watts,  and  the  only  parameter  recorded  was  a continuous 
tracing  of  the  carbon  dioxide  fraction  in  the  gas  passing 
out  of  the  recirculator  assembly.  Exercise  continued  until 
"cannister  breakthrough*  was  obtained,  defined  in  this  study  as 
the  point  at  which  the  CO^  in  the  cannister  effluent  attained 
a value  of  0.5%  SBV.  Baralyme  was  the  CO2  absorbent  utilised. 
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RESULTS 

Figure  2 shows  the  nsan  helnet  Isivsls  for  the  six 

work  rates  at  20,  380,  and  450  F8N.  At  no  point  during 

graded  exercise  did  the  helmet  reach  2%  8BV  (15.2  msiBg) , 

although  it  approached  this  value  during  the  150  watt  load 

at  450  FSW.  During  each  rest  period  between  work  cycles, 

the  helmet  P^^^  decreased  to  less  than  0.5%  SEV.  At  rest 

there  was  no  significant  difference  between  the  helmet 

at  20  FSH  and  that  found  at  either  380  or  450  FStf.  During 

graded  exercise,  however,  there  was  a statisticallly  significant 

difference  (p<.01)  between  the  mean  helmet  P^^  at  20  FSW 

2 

and  that  found  at  both  380  and  450  FSW.  There  was  no  significant 
difference  between  the  values  observed  at  380  and  450  FSW. 

Figure  3 shows  mean  heart  rate  plotted  against  work  load 
at  20,  380,  and  450  FSW.  The  heart  rate,  which  is  directly 
proportional  to  oxygen  consumption,  increased  in  a linear 
fashion  with  increasing  work  loads  at  all  depths.  The  plots 
obtained  are  similar,  and  the  mean  rates  for  the  maximum  work 
loads  at  20,  380,  and  450  FSW  were  172,  174,  and  180  respectively. 
If  it  is  assoMd  that  actual  work  output  was  33%  greater  than 
that  indicated  on  the  ergometer,  or  if  the  above  heart  rates 
are  correlated  with  values  obtained  during  work  in  the  dry 
laboratory  at  one  atsos^ere  pressure,  the  estimated  oxygen 
consumption  at  maximum  tolerated  work  was  approximately  3 liters 
per  sdnute  (Astrand,  1870) . 


Figures  4,  5/  and  6 are  graphic  depictions  of  cannister 
effluent  versus  tine  in  minutes  at  20,  200,  and  380  FSW. 

All  curves  shown  are  remarkably  similar,  and  differ  only  at  the 
point  in  time  at  which  cannister  effluent  CO2  levels  begin  to 
rise.  As  shown  in  Table  2 the  mean  cannister  duration  for  all 

depths  combined  was  79  • 13  minutes.  | 
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OlSCUSSlOi? 

The  amount  of  «rork  man  can  perform  in  a dry  environment 
usually  is  limited  by  the  function  of  the  cardiovascular 
system.  In  diving,  however,  ventilation  often  proves  to 
be  the  primary  limitation.  If  a diver's  ability  to  increase 
ventilation  with  increasing  ventilatory  requirements  is 
diminished,  the  level  of  carbon  dioxide  in  the  blood  and 
tissues  rises.  As  this  occurs,  a number  of  physiological 
responses  occur,  some  of  which  can  prove  hazardous  or  even 
fatal  to  the  diver.  Among  these  are  an  increased  susceptability 
to  inert  gas  narcosis,  decompression  sickness,  and  oxygen 
toxicity,  an  increasing  somnolence,  possible  coma,  and 
convulsions.  It  is  obvious,  then,  that  ventilatory  re- 
strictions to  diver  work  performance  play  a major  role  in 
the  design  criteria  for  any  prospective  underwater  breathing 
apparatus . 
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Restrictions  to  adequate  ventilation  usually  result 
from  one  of  two  factors.  First*  elevated  breathing  gas 
density  increaaes  the  resistance  to  gas  flow  in  the  airways 
of  the  lungs  and  in  the  breathing  apparatus.  This  can  result 
in  either  an  excessive  work  of  breathing  with  a subsequent 
deterioration  of  useful  work  output*  or  a reduction  in 
adequate  ventilation  accompanied  by  carbon  dioxide  retention. 
If  the  restriction  is  sufficiently  severe*  both  a reduction 
in  work  output  and  carbon  dioxide  retention  nay  occur. 

The  second  factor  that  may  lead  to  inadequate  ventilation  is 
elevated  carbon  dioxide  levels  in  the  diver's  breathing  gas. 


In  such  a situation*  a reduction  in  effective  ventilation 
may  occur  arwl  lead  to  carbon  dioxide  retention. 


The  Prototype  MK  12  SSDS  used  in  this  study  is  a semi-closed 
helium-oxygen  system.  The  use  of  helium-oxygen  rather  than 
air  at  the  depths  of  this  study  obviated  ventilatory  restrictions 
due  to  increased  gas  density.  The  densities  of  the  respired 
gas  mixtures  were  .6  g/L  at  20  FSW*  3.07  g/L  at  360  FSW* 
and  2.11  g/L  at  450  FSW.  The  use  of  a helmet  in  a 
recirculating  mode  with  carbon  dioxide  absorption*  however* 
can  lead  to  increased  ambient  carbon  dioxide  with  resultant 
carbon  dioxide  retention.  Since  helmet  carbon  dioxide  levels 
are  dependent  upon  CO^  production*  CO2  absorption*  and  helmet 
ventilation*  the  purpose  of  this  study  was  to  ensure  that 
the  system  %«ould  support  a diver  performing  maximum  work* 
and  establish  the  life  expectancy  of  the  CO^  absorbent  bed. 
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As  Shown  in  Figxirs  2 r at  no  tiiaa  during  graded  exarcisa 
at  20#  380#  and  450  FSW  did  tha  halaat  reach  2%  8EV 
(15.2  nsnHg).  Sinclair  and  Welch  dsmonstratad  that  axarciae 
in  air  with  an  asihidlit  P#,.  of  21  auBg  resulted  in  snail  increases 

in  arterial  P#,#,  (3.6  amBg)  at  light  work  loads  that  i 

decreased  to  near  naan  resting  control  levels  at  heavy  1 

work  loads.  They  concluded  that  an  asibient  atmosphere  ] 

containing  a partial  pressure  of  21  sniHg  carbon  dioxide  j 

was  well  tolerated  by  subjects  engaged  in  any  activity  up 

1 

to  and  including  strenuous  steady  state  exercise. 

The  CO  levels  demonstrated  in  the  present  study  were  not  j 

2 j 

only  well  below  the  21  moHg  used  by  Sinclair  and  Welch#  | 

but  they  were  also  below  the  U.S.  Navy  limit  of  15.2  nnBg.  j 

It  can  be  concluded  from  these  results  that  the  MK  12  S80S  j 

can  support  a diver  performing  continuous  heavy  work  provided 

the  carbon  dioxide  absorbing  bed  rmnains  active. 

Figures  4#  5#  and  6 graphically  show  the  results  of  the 
cannister  breakthrough  studies  at  20#  200#  and  380  FSW. 

All  curves  obtained  are  remarkably  similar  and  differ  only 
at  the  point  in  time  at  idiich  the  cannister  effluent  CO2 
levels  begin  to  rise.  The  curves  support  the  selection  of 
.5%  8BV  CO2  as  the  criterion  for  cannister  breakthrough# 
for  once  this  value  is  reached  there  is  a markedly  increasing 
rate  of  rise  in  the  effluent  CO2  levels  with  tisM.  Table  2 
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mhowm  that  tha  aaan  oaimlatar  duration  for  all  daptha 
uaa  79  minutas.  It  la  apparaat  froai  tha  abova  raaolta 
that  tha  oapability  of  tha  MK  12  8806  to  aupport  a divar  during 
an  oparational  diva  at  ■axiana  working  dapth  ia  Inadaquata. 


Tha  Prototypa  MK  X2  8SD8  waa  avaluatad  during  a sao  raw 
aaturation  diva  for  ita  ability  to  aupport  a working  divar.  Tha 
raaulta  claarly  daaonatrata  that  idiila  tha  ayataa  can  aupport 
tanporarily  a divar  performing  heavy  work,  it  cannot  aupport 
a divar  for  aufficiant  time  to  complete  an  oparational  diva 
at  normal  working  daptha.  It  ia  therefore  raeommandad  that 
approval  of  the  mixed  gas  MK  12  SSD8  be  delayed  until 
ian>rovemant8  in  canniatar  deaign  and  function  are  made. 


Thalnann,  B.  D.,  Crothmrt,  J.  C.  and  M.  M. 

Datanilnlatlon  o£  tha  adaqoaoy  o£  halaat  vantilation 
in  a prototype  Navy  MB  12  and  MK  5 hard  hat  diving 
apparatus.  U.8.  Navy  Bxperiaental  Diving  Unit 
Raport  16-74. 
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